Two experiments were conducted to determine the effect of soy isoflavones on growth, meat quality, and carcass traits of growing-finishing pigs. In Exp. 1, 36 barrows (initial and final BW, 26 and 113 kg, respectively) were used and each treatment was replicated four times with three pigs each. The dietary treatments were 1) corn-soybean meal (C-SBM), 2) corn-soy protein concentrate (low isoflavones, C-SPC), or 3) C-SPC + isoflavones (isoflavone levels equal to those in C-SBM). Daily gain and ADFI were increased (P < 0.10) in pigs fed the C-SPC relative to pigs fed the C-SPC + isoflavone diet in the late finishing period; otherwise, growth performance was not affected (P > 0.10) by diet. Longissimus muscle area, 10th-rib fat depth, percentage muscling (National Pork Producers Council), 24-h pH and temperature, color, firmnesswetness, marbling, drip loss, and CIE L*, a*, and b* color values were not affected (P > 0.10) by diet. Dressing percentage, carcass length, weight and percentage of fat-free lean in ham and carcass, lean gain per day, lean:fat, and ham weight were increased (P < 0.10), and ham fat and percentage fat in ham and carcass were
Introduction
A large amount of research is being conducted to evaluate factors that affect lean and fat deposition in pigs. This research is stimulated by consumers who demand a product that is both lean and palatable.
1230 decreased (P < 0.10) in pigs fed the C-SPC + isoflavone diet compared with pigs fed the C-SPC diet. Pigs fed the C-SPC + isoflavone diet had similar (P > 0.10) carcass traits as pigs fed the C-SBM diet, except carcass length, percentage ham lean and thaw loss were greater (P < 0.10), and total ham fat was less (P < 0.10) in pigs fed the C-SPC + isoflavone diet. In Exp. 2, 60 gilts (initial and final BW, 31 and 116 kg, respectively) were used, and each treatment was replicated five times with four pigs per replicate. The treatments were 1) C-SBM, 2) C-SBM + isoflavone levels two times those in C-SBM, and 3) C-SBM + isoflavone levels five times those in C-SBM. Daily feed intake was linearly decreased (P < 0.10) in the growing phase and increased (P < 0.10) in the late finishing phases as isoflavone levels increased; otherwise, growth performance was not affected (P > 0.10) by diet. Diet did not affect (P > 0.10) carcass traits; however, CIE a* and b* color scores and drip loss were decreased (P < 0.06) as isoflavone levels increased. Soy isoflavones decreased fat and increased lean in barrows when fed within the dietary concentrations found in typical C-SBM diets but not when fed to gilts at concentrations above those present in C-SBM diets.
Dietary components that recently have received attention for their action as phytoestrogens are soy isoflavones. Soy products are the most significant dietary sources of isoflavones (Barnes et al., 1994) . Isoflavones are diphenolic compounds, which exist in unconjugated (aglycone) or conjugated forms (Kudou et al., 1991) . The aglycone forms are daidzein, genistein, and glycitein. Isoflavones have structural and functional similarity to natural estrogens (Kurzer and Xu, 1997) . They can weakly bind to estrogen receptors, causing competition between natural estrogens and isoflavones (Kelly et al., 1993) . However, Martin et al. (1978) suggested that isoflavones may act as antiestrogens in the presence of high levels of endogenous estrogens. Because isoflavones may have hormonelike functions, they may play a role in affecting growth and carcass composition of pigs. Various estrogenic compounds when fed to or implanted into pigs reduce fat and increase muscling (Bidner et al., 1972; DeWilde and Lauwers, 1984; Plimpton and Teague, 1972) . Similarly, Cook (1998) reported that supplemental isoflavones (1,585 mg/kg diet) increased growth rate and carcass muscle but did not affect carcass fat in pigs from 6 to 32 kg BW. Therefore, the objectives of our research were to determine the effect of soy isoflavones on growth performance, carcass traits, and meat quality in growing-finishing pigs.
Materials and Methods

General
Two experiments were conducted to evaluate isoflavones in growing-finishing pigs. Purebred Yorkshire and crossbred (Yorkshire × Landrace) pigs from the Louisiana State University Agricultural Center Swine Unit were used in these experiments. Pigs were allotted to treatments on the basis of weight, with ancestry equalized across treatments in randomized complete block designs. Pigs and feeders were weighed every 2 wk for calculation of ADG, ADFI, and gain:feed. Feed and water were provided on an ad libitum basis throughout both experiments. The materials and methods used in these experiments were approved by the Louisiana State University Animal Care and Use Committee.
Soybean meal (SBM), soy protein concentrate (SPC), and isoflavones were analyzed for aglycone (daidzein, genistein, and glycitein) concentrations by Central Soya Co., Inc. (Ft. Wayne, IN) using a modified method of Thiagarajan et al. (1998) . The aglycone forms, daidzein, genistein, and glycitein, are the main forms of isoflavones (Kudou et al., 1991) . The SBM contained 1.14 mg/g of total isoflavones, which consisted of 0.54 mg/g daidzein, 0.15 mg/g glycitein, and 0.45 mg/g genistein adjusted for aglycone content. The SPC contained 0.06 mg/g of total isoflavones, which consisted of 0.03 mg/g daidzein, 0 mg/g glycitein, and 0.03 mg/g genistein adjusted for aglycone content. The isoflavones contained 29.4 mg/g of total isoflavones, which consisted of 11.6 mg/g daidzein, 1.35 mg/g glycitein, and 16.4 mg/g genistein adjusted for aglycone content.
Experiment 1
Thirty-six barrows with an average initial BW of 26 ± 2 kg were allotted to three dietary treatments. Each treatment was replicated with four pens of three pigs each. The treatment diets (Table 1) were 1) corn-soybean meal (C-SBM), 2) corn-SPC (C-SPC), or 3) C-SPC + isoflavones added to equal the level of isoflavones found in the C-SBM diet. Diets were formulated to have equal NE, and Diets 1 and 3 were equal in isoflavone content. The diets were formulated to provide 105% of the true ileal digestible amino acid requirements of barrows with 350 g of lean gain per day, and the diets met or exceeded the other nutrient requirements of growing and finishing pigs (NRC, 1998) . Diet formulations were based on the amino acid content of corn and SBM (NRC, 1998 Table 3 ). True ileal digestibility of amino acids in SPC was calculated using the true digestibility coefficients of SPC (NRC, 1998) . The amino acid content of the isoflavone product was not used in diet formulations in Exp. 1.
Pigs were fed the growing diets for 31 d, during which time they were housed in a totally enclosed building with 1.83-× 2.44-m pens and metal slotted floors. During both the early (28 d) and late (43 d) finishing periods, the pigs were housed in a curtainsided building with 1.5-× 3.0-m pens and concrete slotted floors. The experimental period lasted 102 d. The average final BW was 113 kg.
Experiment 2
Sixty gilts with an initial body weight of 31 ± 5 kg were allotted to three dietary treatments. Each treatment was replicated with five pens of four gilts each. The treatment diets (Table 2) were 1) C-SBM, 2) C-SBM plus two times the isoflavone levels found in Diet 1 (2×), or 3) C-SBM plus five times the isoflavone levels found in Diet 1 (5×). Diets were formulated to have equal NE. They also were formulated to provide 105% of the true ileal digestible amino acid requirements of gilts with a lean gain of 350 g per day, and the diets met or exceeded the other nutrient requirements of growing and finishing pigs (NRC, 1998) . Diet formulations were based on actual amino acid analysis of isoflavones (Table 3 ; AOAC, 1990 ) and on the amino acid content of corn and SBM (NRC, 1998) . The diet formulations for Exp. 2 used the amino acid content of the isoflavone product. True ileal digestibility of amino acids in the isoflavone product was calculated using the true digestibility coefficients of SBM (NRC, 1998) .
The pigs were housed in total confinement in 1.29-× 2.36-m pens with metal slotted floors for both the growing (28 d) and early finishing (35 d) periods. During the late finishing period (48 d), the pigs were kept in the same finishing facility as in Exp. 1. The experimental period lasted 111 d. The average final BW was 116 kg.
Plasma Collection and Analysis
Blood samples were taken near the end of the late finishing period in both experiments. The pigs in Exp. 1 had access to feed up to and throughout the time of bleeding, whereas pigs in Exp. 2 were held without feed for 16 h before bleeding. Blood was collected via the anterior vena cava and was placed in 7-mL tubes (Monoject, Sherwood Medical, St. Louis, MO) con- Isoflavone was added at 0.90, 0.58, 0.36% in the growing, early finishing, and late finishing periods, respectively, to provide isoflavone levels equal to those in the C-SBM diet.
h Amino acid values are on a true ileal digestibility basis and were calculated using NRC (1998) values for corn and soybean meal. Amino acid, ME, and NE values for soy protein concentrate were provided by Central Soya Co., Inc. (Ft. Wayne, IN). True digestibility of soy protein concentrate was calculated using digestibility coefficients from NRC (1998).
i Isoflavone values are for the diets with no added isoflavones. They are the sum of the aglycone forms (daidzein, genistein, and glycitein) and were determined by Central Soya Co., Inc.
taining 17.5 mg of sodium fluoride and 14.0 mg of potassium oxalate. After collection, blood samples were refrigerated at 8°C for 2 h and then centrifuged for 45 min at 1,500 × g at 4°C. Plasma was collected after centrifugation, and samples were frozen in racks at −15°C in a freezer until analysis. Urea N was determined by the methods of Laborde et al. (1995) . Nonesterified fatty acid concentrations were determined with the enzymatic-colorimetric procedure (NEFA-C Kit, ACS-ACOD Method; Waco Chemicals USA, Inc., Richmond, VA) described by McCutcheon and Bauman (1986) . Samples also were analyzed for glucose (Exp. 1, Sigma Kit # 510-6, ACS-ACOD Method; Sigma Chemical Company, St. Louis, MO) and insulin (Exp. 1, Coat-a-Count; Diagnostic Products Corp., Los Angeles, CA). The intraassay CV for insulin determined with a porcine plasma pool was 5.0%. Luteinizing hormone concentrations also were analyzed on samples collected in Exp. 1 by the methods of Thompson et al. (1985) . The intraassay CV for LH using a porcine plasma pool was 6.0%.
Carcass Evaluation
At the termination of the experiments, all (Exp. 1) or 30 pigs (Exp. 2; two pigs per pen) were slaughtered in a commercial facility, and hot carcass weights were collected. Following a 24-h chill at 2°C, midline backfat thickness at the first-rib, last-rib, and last-lumbar vertebrae, and carcass length were collected at the com- Isoflavone was added at 0.85 and 3.40, 0.75 and 2.98, 0.49 and 1.98% in the growing, early finishing, and late finishing periods, respectively, to provide two or five times the isoflavone levels of those in the C-SBM diet. Amino acid values are on a true ileal digestibility basis and were calculated using NRC (1998) values for corn and soybean meal. Isoflavone product was analyzed for amino acid content, and the true ileal digestibility coefficients for soybean meal (NRC, 1998) were used to calculate true ileal digestible content.
h Isoflavone values are for the diets with no added isoflavones. They are the sum of the aglycone forms (daidzein, genistein, and glycitein) and were determined by Central Soya Co., Inc. The isoflavone product was analyzed in our laboratory for total amino acid content. Values for soy protein concentrate were provided by Central Soya Co., Inc. mercial facility. Average backfat thickness was determined by averaging the first-rib, last-rib, and lastlumbar vertebral measurements.
The ham and loin sections (8th to 11th ribs) from the left side of each carcass were collected and transported to the Louisiana State University Agricultural Center Meats Laboratory for further analysis. Ham weight was recorded, and butt fat thickness was measured from the interior edge of the subcutaneous fat, beneath the femur, on a straight line to the outer skin surface and perpendicular to the outer skin surface. The ham was evaluated by total-body electrical conductivity (TOBEC; Model MQI-27: Meat Quality Inc., Springfield, IL) analysis for calculation of fat-free lean and fat content in the total carcass and for fat-free lean and fat content in the ham (Higbie, 1997 Twenty-four-hour pH and temperature measurements were taken between the 10th and 11th ribs approximately 24 h after slaughter (Exp. 1 only). A handheld pH meter (Model 2000; VWR Scientific Products Co., South Plainfield, NJ) equipped with a speartipped electrode (Catalog # P-05658-60; Cole-Parmer Instrument Co., Vernon Hills, IL) was used for determining the pH of the longissimus muscle. Longissimus muscle area was determined by tracing the longissimus muscle surface area at the 10th rib using acetate paper. The tracing was then measured and area determined by using a compensating polar planimeter. Tenth-rib backfat thickness was determined by measuring the fat thickness at the 10th rib, three-quarters of the lateral length of the longissimus muscle perpendicular to the outer skin surface. Following tracing, the pork quality scores (color, marbling, and firmnesswetness) were determined according to the guidelines of the NPPC (1991) using the interface of the longissimus muscle at the 10th rib. The CIE L*, a*, and b* values also were obtained from the 10th-rib longissimus muscle after a 15-min bloom using a Minolta chromameter CR-300 (Minolta Camera Co., Japan, illuminant D65 and 0°; Exp. 1) and a Minolta spectrophotometer (Model CM-508d; Minolta Corp., Ramsey, NJ 07446; Exp. 2). The 10th-rib chop was removed from the loin section, deboned, cleaned of any adhering intermuscular fat, and weighed for 24-h drip loss determination by a suspension method. The chops were weighed, and then suspended on a hook and line in a 10.8-× 21.6-cm Whirl-Pak sample bag. Next, the chops were stored for 24 h at 2°C and then weighed again. Drip loss was calculated as ([{initial wt. − final wt. of drip chop} ÷ initial wt.] × 100).
In Exp. 1, the longissimus muscle that was used to determine drip loss was frozen in vacuum bags until cooking loss and shear force could be determined. Thaw loss was calculated for each chop. Chops were thawed at 2°C for 18 h. Each chop was then removed from the bag, blotted with paper towels, and weighed to determine the blotted chop weight. Thaw loss was calculated by the equation ([{final wt. of drip chop (g) − blotted chop weight (g)} ÷ initial chop weight (g)] × 100). Total loss for Exp. 1 was calculated as the sum of drip, thaw, and cooking losses.
In Exp. 2, the longissimus muscle that was used to determine drip loss was used immediately following drip loss to determine cooking loss and shear force. Total loss for Exp. 2 was calculated as the sum of drip and cooking losses. Cooking loss and shear force for both experiments followed the procedures described by Boleman et al. (1995) .
Statistical Analysis
Data were analyzed by analysis of variance procedures appropriate for randomized complete block designs (Steel and Torrie, 1980 ) using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). In Exp. 1, growth and carcass data were analyzed by the PDIFF option. Carcass data were analyzed with mean final body weight as a covariate, and 24-h temperature was used as a covariate for the 24-h pH measurements (Exp. 1). In Exp. 2, growth and carcass data were analyzed using linear and quadratic contrast statements appropriate for unequally spaced treatments. Final body weight was not used as a covariate for the carcass data because it was not significant (P > 0.10). The pen of pigs was the experimental unit for all data.
Results
Experiment 1
Growth Performance. Average daily gain and ADFI were not affected (P > 0.10) by diet during the growing, early finishing, or overall periods (Table 4) . However, ADG and ADFI were increased (P < 0.10) in pigs fed C-SPC relative to pigs fed C-SPC + isoflavones during the late finishing period. Gain:feed was not affected (P > 0.10) by diet during any period.
Plasma Metabolites. Glucose, NEFA, urea N, and LH concentrations were not affected (P > 0.10) by diet (Table 4) . Pigs fed C-SBM had higher insulin concentrations and insulin:glucose (P < 0.10) than the pigs fed either the C-SPC or C-SPC + isoflavone diets.
Carcass Traits. Pigs fed the C-SPC + isoflavone diet had an increased (P < 0.10) dressing percentage, carcass length, weight and percentage of fat-free lean in carcass and ham, lean gain per day, and lean:fat but decreased (P < 0.10) ham fat and percentage fat in carcass and ham relative to the pigs fed C-SPC (Table  5) . Pigs fed the C-SPC + isoflavone or the C-SBM diets Means with different superscripts differ (P < 0.10).
had similar (P > 0.10) carcass traits, except carcass length and percentage ham lean were greater (P < 0.10) and total ham fat was less (P < 0.10) in pigs fed the C-SPC + isoflavones. Longissimus muscle area, 10th-rib backfat, average backfat, percentage muscling, kilograms of lean (NPPC, 1991) , and total fat were not affected (P > 0.10) by dietary treatment.
Pork Quality. Twenty-four hour pH, 24-h temperature, NPPC pork quality scores, CIE L*, a*, and b* color scores, 24-h drip loss, cooking loss, and shear force were not affected (P > 0.10) by diet ( Table 6 ). The longissimus muscle from pigs fed C-SPC + isoflavones had increased (P < 0.06) thaw loss relative to those from pigs fed C-SBM or C-SPC diets.
Experiment 2
Growth Performance and Carcass Traits. Average daily gain and gain:feed were not affected (P > 0.10) by diet in the growing, early finishing, late finishing, or overall periods (Table 7) . However, ADFI was decreased (linear, P < 0.09) in the growing period but increased (linear, P < 0.10) in the late finishing period by increasing levels of isoflavones. Average daily feed intake was not affected (P > 0.10) during the early finishing or overall periods. Dietary isoflavones did not affect (P > 0.10) any of the carcass traits measured (Table 8) .
Plasma Metabolites. Nonesterified fatty acid concentrations (Table 7 ) were increased by the 2× level of isoflavones but decreased by the 5× level (quadratic, P < 0.02). The isoflavones did not affect plasma urea N levels (P > 0.10).
Pork Quality. The NPPC (1991) pork quality scores, CIE L*, cooking loss, 24-h drip loss, total loss, and shear force were not affected (P > 0.10) by dietary treatment. The CIE a* and b* color scores (P < 0.10) were decreased linearly as isoflavones increased (Table 9).
Discussion
The effects of soy isoflavones on weight gain, feed intake, and feed efficiency are somewhat variable. Winters and Banz (1997) reported that supplemental isoflavones increased weight gain in female rats with no change in feed efficiency. However, weight gain and feed efficiency were decreased in male rats fed a similar diet . Cook (1998) reported that supplemental soy isoflavones (0 or 1,585 mg/kg) increased ADG in gilts from 6 to 30 kg BW. However, in a second study, Cook (1998) reported that dietary genistein (one form of isoflavones; 0, 200, 400, 600, or 800 mg/kg) did not affect ADG in barrows from 5 to 28 kg BW. A decrease in ADG and ADFI was seen in Sprague-Dawley rats fed a C-SPC diet supple- Data are means of four replicates of three pigs per replicate. All data were analyzed with final body weight as a covariate. Average final body weight was 113 kg. C-SBM = corn-soybean meal; C-SPC = cornsoy protein concentrate; C-SPC + ISF = corn-soy protein concentrate plus isoflavone equal to the level found in the C-SBM diet; LMA = longissimus muscle area. Data are means of four replicates of three pigs per replicate. C-SBM = corn-soybean meal; C-SPC = cornsoy protein concentrate; C-SPC + ISF = corn-soy protein concentrate plus isoflavone equal to the level found in the C-SBM diet. The pH and temperature measurements were taken in the longissimus muscle between the 10th and 11th ribs. Twenty four-hour temperature was used as a covariate for pH measurements.
Means with different superscripts differ (P < 0.10). Data are the mean of five replicates of four pigs per replicate. Average initial and final body weight were 31 and 116 kg, respectively. The growth trial lasted 111 d. C-SBM = corn-soybean meal; C-SBM + 2× ISF = corn-soybean meal plus two times the isoflavone level found in the C-SBM diet; C-SBM + 5× ISF = cornsoybean meal plus five times the isoflavone level found in the C-SBM diet. mented with 0, 431, 862, or 1,724 mg/kg soy isoflavones (Cook, 1998) . In our studies, overall growth performance was not affected by soy isoflavones. Banz et al. (1997) reported that diets high in isoflavones reduced the insulin:glucose ratio of rats, resulting in leaner rats. In our data, barrows fed the diets with SPC (regardless of isoflavone) had decreased plasma insulin with no change in plasma glucose, resulting in a decrease in insulin:glucose. These changes were not related to changes in muscling or fatness. One possible explanation for the decrease in plasma insulin in pigs fed SPC could be the lower level of crude fat in these diets compared with the C-SBM diet. Highfat diets have been shown to decrease insulin sensitivity and increase plasma insulin levels (Blazquez and Quijada, 1968) .
There has been very little research conducted on the effect of isoflavones on carcass characteristics or meat quality in pigs. Cook (1998) reported that the combined weight of four red muscles or four white muscles were not affected by dietary genistein in pigs from 5 to 28 kg BW. However, Cook (1998) also showed that percentage of carcass muscle was increased, but percentage of carcass fat was not affected in pigs from 6 to 30 kg BW. Our results from Exp. 1 support the latter results of Cook (1998) . Percentage of muscling was increased when isoflavones were included in the diet, whereas fat percentages were decreased. In Exp. 2, however, carcass traits were not affected by additional isoflavones in the diet above levels normally found in typical C-SBM diets. These data suggest that isoflavones affect carcass composition in pigs, but the effective dietary level is at or below the level of isoflavones commonly found in C-SBM diets, or that isoflavones are efficacious in barrows and not gilts.
One possible explanation for the decrease in leanness of pigs fed the C-SPC diet in Exp. 1 with low levels of isoflavones is that isoflavones have estrogenic activity and can act as a hormone (Reinli and Block, 1996) . Additionally, barrows fed or implanted with estrogenic hormones seem to respond more than gilts. DeWilde and Lauwers (1984) reported that barrows implanted with estradiol-17β + trenbolone had improved feed conversion and 23% less fat content than littermate barrows receiving only a control diet. Similarly, Plimpton and Teague (1972) reported an increase in longissimus muscle area, yield of lean cuts, and carcass length in barrows fed diethylstilbestrol and methyltestosterone compared with control barrows. Bidner et al. (1972) reported that backfat was decreased and ADG tended to be decreased in barrows fed diethylstilbestrol plus methyltestosterone compared with barrows fed a control diet. Although feed conversion was not affected in barrows fed the C-SPC diet in Exp. 1, our carcass characteristics agree with these studies.
The data with gilts is much less conclusive. DeWilde and Lauwers (1984) reported no difference in carcass composition in gilts implanted with estradiol-17β + testosterone compared with control gilts. However, ADG was increased in the gilts implanted with estradiol-17β + testosterone. Furthermore, Martinez et al. Data are the means of five replicates of two pigs per replicate. C-SBM = corn-soybean meal; C-SBM + 2× ISF = corn-soybean meal plus two times the isoflavone level found in the C-SBM diet; C-SBM + 5× ISF = corn-soybean meal plus five times the isoflavone level found in the C-SBM diet; LMA = longissimus muscle area. Calculated using TOBEC analysis with equations from Higbie (1997) .
d Calculated using the equation described by the NPPC (1991), which uses a 5% estimation for intramuscular fat and compensates for unequal body weights.
(1992) reported that backfat was not affected when gilts were implanted with trenbolone acetate compared with unimplanted gilts. However, Bidner et al. (1972) reported that backfat thickness was decreased Data are means of five replicates of two pigs per replicate. C-SBM = corn-soybean meal; C-SBM + 2× ISF = corn-soybean meal plus two times the isoflavone level found in the C-SBM diet; C-SBM + 5× ISF = corn-soybean meal plus five times the isoflavone level found in the C-SBM diet.
b Linear, P < 0.10. and ADG tended to be increased in gilts fed diethylstilbestrol plus methyltestosterone. In Exp. 2, the addition of isoflavones did not improve growth or the carcass characteristics of gilts. This lack of response in gilts could be because of their gender, or as suggested before, that the efficacious level of isoflavones is somewhere below the level present in typical C-SBM diets.
Implications
Soy isoflavones decrease fat and increase lean in growing-finishing barrows, but not at levels above those normally found in corn-soybean meal diets. These data suggest that supplemental isoflavone levels above those found in corn-soybean meal diets will not be beneficial to producers to improve animal performance, carcass characteristics, or meat quality.
